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ABSTRACT
In the recent years, there are many people suffering from the loss of all voluntary muscle control in
Viet Nam (Thanh, 2019). Therefore, they really need alternative interactionmethods to control their
behaviours with external environment. Many researches have been rapidly increased on this topic.
Thanks to the development of Brain-Computer interfaces and the EEG headset have been helping
people who are incapable of any motion for function can communicate with the external world.
There are some features which have been considered as inputs in BCI system. We choose P300
signal to link BCI operation due to on its own advantages by some previous researches (Birbaumer
and et al., 1999, Eric and et al., 2006). As the important consideration to discover which factors
affect the accuracy of BCI system to improve communication quanlity for the ability of disabled
people, we decide to discover the impact of character matrix size and inter stimulus interval on
event relatedpotential – P300 signal. Thedurationof the inter stimulus interval (ISI) between targets
is set at 187,5 ms and 125 ms for two different matrix size 3x3 and 6x6. These experiments were
done by five people (4 man and 1 woman age from 21 to 22) with helping of Emotiv Epoc. The
results provide that the largest amplitudes of P300waveforms occur remarkably at the occipital and
frontal channels and are higher than in 6x6 letter matrix compared with 3x3 matrix. The different
matrix size and ISI does not affect on the appearance time of the P300 signal, and it is in the range
235-244 ms after stimulation. These good results promise to help other researches to build an
perfect experimental procedure in real assistance application for using BCI – P300 systems.
Key words: EEG, BCI, P300, ISI, EPOC

INTRODUCTION
Taccording to the General Statistics Office (Ministry
of Planning and investment) collaborated with the
United Nations Children’s Fund in Viet Nam, from
2016 to 2017, there were nearly 5 million households
which had disabilities in the country. The proportion
of people with disability who were over 2 years old ac-
counted for 7% of the population1. Another statistic
is based on the Christopher & Dana Reeve Founda-
tion report in 2013, about 5.4 million Americans suf-
fer from disability2. Many research works therefore
have been built with the aim of improving the ability
ofmovement and communication, based on biomedi-
cal signals, especially Brain Computer Interface (BCI)
system. BCI is technology that enables the use of the
brain’s neural activity to communicate with others or
to control machines, artificial limbs, or robots with-
out direct physical movements. BCI based on elec-
troencephalogram (EEG) can be applied to disabled
individuals system. There are some different features
considered as inputs of BCI such as some brain waves
(e.g., mu or beta rhythms)3, and slow cortical po-
tentials4 and event-related potentials (ERP) 3. Hav-

ing said that BCI – ERP reach high accuracy in on-
line communication given inmany researches5. Mor-
ever, BCI using P300 input had acceptable accuracy
in helping patients with amyotrophic lateral sclero-
sis4,6,7. However, there are few articles discussed
about factors in odd ball paradigm makes effects on
P300 signals in BCI. In the paper8 gave important re-
sult that increasing the dimensions (i.e., the numbers
of rows and columns) of the matrix, while holding
the size of the matrix elements constant, resulted in
larger P300. The lastest paper 7 made significant con-
tributions in reviewing the effects of matrix size and
inter stimulus interval on performance. This paper
concluded that accuracy was higher in the 175-ms ISI
condition than in the 350-ms ISI condition. It solved
some our questions and also brings benefits in design-
ing our experiments. In the first steps, our group had
relative positive results in acquisition P300 waveform
and classification P300 for letter matrix size 2x2, 3x3
and 6x6 and inter stimulus interval 200 ms8. Ma-
trix 2x2 symbolises four actions upward, downward,
rightward and leftward in realistic model our group
has been desired to implement. Matrix 3x3 contains
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suitable number of letters and words in realistic con-
trolling model. Besides, it is a reasonable choice for
classification by high accuracy. While matrix 6x6 is
a basic option in most of experiments aiming to de-
tect P300 waveform. This is because the probability of
the target being flashed was 0.17, and such improba-
ble events had been shown to produce robust P300s 9.
Formain reasons, our group does experiments in con-
ditions of 2 matrixes 3x3 and 6x6 and the duration of
the inter stimulus interval (ISI) between targets is set
at 187,5 ms and 125 ms to examine appearance time
of P300 and its amplitude to optimise experiemen-
tal system and algorithm in BCI. During the exper-
iments, our group used EMOTIV EPOC contains 14
Electroencephalogram (EEG) channels and the sam-
pling rate at 128 Hz to collect EEG signals of vonlun-
teers. This device is benificial for flexibility and accu-
rate enough for measuring EEG signals.
This paper is organized as follows. In section 2, we de-
scribe the algorithms for filtering, estimating ampli-
tudes and appearance time of P300 signals. In section
3, the P300 signals are shown and compared about
amplitude and time of its appearance for two matrix
size 3x3 and 6x6 and two ISIs 125 ms and 187.5 ms
respectively. Some discussions are shown in section 4
and conclusions are provided in Section 5.

METHOD
To conduct this study, we recoded the raw EEGs from
the uers scalp through the EPOC. Then the data was
preproccessed before we epoch the EEG data and
performed the band pass filtering on it (1-20Hz) by
EEGLAB.Then the P300 detectionwas proceeded. Fi-
nally, we discussed the results in term of advantages
and disadvantages as well as related problems.

Experimental Procedure and EEG data
Five people (4 man and 1 woman age from 21 to 22)
participated in this study. All of them had no his-
tory of neuropathy, healthy and have not had previ-
ous BCI experiences. The experiment was designed
and run in the basement of the BCI 2000 sofware and
Odd-ball paradigm in conditions of 2 matrixes 3x3
and 6x6 and the duration of the inter stimulus inter-
val (ISI) between targets is set at 187,5 ms and 125 ms
as following tables. The volunteer was asked to pay
his (her) attention to the letter serves target in odd-
ball paradigm in below conditions our group set up
and it elicits P300 response. Table 1 shows the param-
eters in odd ball paradigmwith ISI duration 125ms of
both matrix 3x3 and 6x6. As we can see, there are 60
flasing times in one trial and 20 flasing times of target
in one trial for matrix 3x3 and 10 others for matrix

6x6. It means because the probability of the target be-
ing flashed was 0.33 and 0,17 for matrix 3x3 and 6x6
accordingly.

Table 1: Experimental paramaters with 125ms
stimulus duration.

Sequencing Parameters

Flasing times in one trial 60

Number of selected characters 14

Stimulus Duration 125 ms

ISIMin Duration 125 ms

Temporal latency between con-
secutive characters

1.25 s

Flashing times of target in one
trial

20 (3x3);10 (6x6)

Table 2 shows the parameters are same others in Ta-
ble 1 except for ISI 187.5 ms. The speed of the high-
lighting determines the number of characters pro-
cessed per minute is 2,6 characters/minute.

Table 2: Experimental paramaterswith 187.5 ms
stimulus duration

Sequencing Parameters

Flasing times in one trial 60

Number of selected characters 14

Stimulus Duration 125 ms

ISIMin Duration 187.5 ms

Temporal latency between consec-
utive characters

1.25 s

Flashing times of target in one trial 20 (3x3);10 (6x6)

The experimental procedures include 6 steps, which
will be concretely listed in this part:

• Step 1: Volunteers sat comfortably in front of a
17- inch computer screen at a distance of 30 to
40 cm.

• Step 2: Let the volunteers relax for 1 to 2 min-
utes.

• Step 3: Explained the procedure and process of
the experiments to the volunteers.

• Steps 4: Required the volunteers to wear the
EMOTIV EPOC device and check the battery
and the quality of the signal recorded by elec-
trodes.

• Step 5: Checked the feeling of the volunteers
when they wore the headset.

• Step 6: Recorded the raw data.
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Data Analysis Method

Preprocessing
Frequencies of EEG signals are less than 100 Hz.
In addition, most recordings present a 50-Hz fre-
quency component contaminating several electrodes.
Therefore, the signals need to be lowpass filtered to
eliminate this frequency component and other high-
frequency components generally produced bymuscu-
lar activity. A Butterworth filter of order 10 with a
cutoff frequency of 20Hz is used 10. Within this range
of frequencies, we still have the complete information
about the P300 signals. TheButterworth filter is one of
the signal processing filter, which is designed to have
a frequency response as flat as possible. It was first
introduced in 1930 by the British engineer and ph-
ysist Stephen Butterworth in his paper “On the The-
ory of Filter Amplifiers”The amplitude G of the feed-
back signal having frequency w output of the filter is
calculated by the formula:

|G(w)|2 = 1

1+
(

w
wc

)2N (1)

N is the number of poles in the filter.
wc is the cutoff frequency(rad/s).

Obtain P300 signal
ERP signals can be collected from EEG signal, this is
the process of measure the temporal active potential
of the brain using electrodes attached to the scalp. The
recorded EEG signal is the results of many simulta-
neous processes in the brain, which means the brain’s
response to a single stimulus or event cannot be recog-
nised. In order to see how the brain responded to the
stimuli, it is imperative that the experiment hadmany
stimuli and tests. The average result of several at-
tempts is then calculated and the resulting waveform
is the event related potential (ERP) 9.
The recorded ERP signal includes not only necessary
signal in data visualization process but alsomay kinds
of artifacts: EMG, EOG, electrical grid…ERP signal
potential (P300) is extracted from the following for-
mula: 5,6

−
x(t) =

1
N

N

∑
k=1

x(t,k)

= s(t)+
1
N

N

∑
k=1

n(t,k)
(2)

With:
N: total number of stimuli
k: kth stimulus in N( k from 1 to N)
t: time elapsed after the kth stimulus
s(t): ERP signal function
n(t,k): noise signal fuction

RESULTS
Signals are firstly preprocessed by Butterworth filter
of order 10 with a cutoff frequency of 20Hz to remove
noise 50Hz and high-frequency components. After
import the filted data and the event file with 140 stim-
uli into EEGLAB, we continue to update the location
file, select the Epoch interval from -1 to 2 and perform
baseline elimination. Before plotting the P300 signal,
basic noise filtering steps are taken to eliminate un-
necessary signals such as grid, blink, etc.

3x3 spellermatrixwith 125ms stimulus du-
ration
Figure 1 shows P300 waveform of one volunteer per-
form in experiment with matrix 3x3 and ISI 125 ms.
After the noise filter is completed, it becomes easier
to check the appearance of the desired P300 signal by
plotting a multi-channel graph, the recording infor-
mation including wave shape, time of P300.
The P300 signal has appeared in many channels such
as AF3, F7, T8, AF4 but the it is clear and nearly iden-
tical to the most standard signal appearing in the P7
and P8 channels. This is true for a number of studies
that have been done, 4 channels P7, P8, O1, O2 are
considered the most obvious places where P300 ex-
ists11,12. Specifically at the P7 channel position, the
P300 signal appears 251.2 ms after stimulation and
has a amplitude of 4.76 µV. In the P8 channel, the sig-
nal is 5.02 2V and appears 201.5 ms after stimulation.

3x3 speller matrix with 187.5 ms stimulus
duration
It can be seen in Figure 2 that the P300 signals appear
clearly on channels P7, P8 and F8. At the channel po-
sition of P7, the peak amplitude of the signal reaches
6.85 µV at 167.5 ms after excitation. Meanwhile at
channel P8, signal P300 appears at 236.7 ms after ex-
citation and peaked amplitude is 6.12 µV.

6x6 spellermatrixwith 125ms stimulus du-
ration
As we can see in Figure 3, P300 signals appear clearly
on channels P7, P8 and O1. The peak amplitudes at
channels P7 and P8 are 5.21 µV and 6.41 µV, respec-
tively. The time of appearance of P300 signal at chan-
nel P7 is 228.8ms after stimulationwhile that of chan-
nel P8 is 236.7 ms.

6x6 speller matrix with 187.5 ms stimulus
duration
The Figure 4 shows that P300 signals appear clearly in
two channels P7 and P8 with peak amplitudes of 9.77
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Figure 1: ERP signal of 3x3 matrix experiment ploted in multi-channel(125ms).

µV and 9.68 µV, respectively. The time of appearing
P300 signal at P7 is 250.3 ms and channel P8 is 247.8
ms.

DISCUSSIONS
Some main results can be discussed here. Firstly, the
P300 waveform appeears with largest amplitude at the
occipital and frontal areas such as P7, P8, O1, O2. Sec-
ondly, time of appearance of P300 waveform is about
240ms. These results are in agreement with published
articles such as of Escolano, Antelis and Minguez 13.
Finally, in order to compare amplitudes and timeP300
survives, our group plots average amplitude and time
of P300 of 4 channels P7, P8, O1, O2 for two types of
matrix size 3x3 and 6x6 and two ISI 125 ms and 187.5
ms accordingly.
Figure 5 describes average amplitudes of two channels
P7 and P8 for ten volunteers of matrix 3x3. As we can
see, average amplitudes of P300 signals for ISI 187,5

ms are higher than others of ISI 125 ms for all volun-
teers. Average amplitude for ISI 125 ms is about 4 µV
and 7 µV for ISI 187.5 ms.
Figure 6 illustrates average time of two channels P7
and P8 for ten volunteers of matrix 3x3. A more de-
tailed look at the figure reveal that values of appear-
ance time of P300 signals are the same for ten volun-
teers. These values is about 240 ms which is suit to
theory of P300 signals13.
Figure 7 is graphic of average amplitudes of two chan-
nels P7 and P8 for ten volunteers of matrix 6x6. Both
of them show steadily trends for all of volunteers. The
former has average value is at about 7 µV, the later is
about 10 µV.
Figure 8 illustrates average time of two channels P7
and P8 for ten volunteers of matrix 6x6. The values
of appearance time of P300 signals are the same for
ten volunteers. These values is about 240 ms is suit to
theory of P300 signals14.
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Figure 2: ERP signal of 3x3 matrix experiment ploted in multi-channel(187.5ms).

For the most general comparisions purposes, our
group desribes mean values of amplitude and time of
P300 signals of ten volunteers for two matrix 3x3 and
6x6 with ISI 125 ms and 187.5 ms as Tables 3 and 4.
To conclude that, changing thematrix size does not af-
fect the time of the P300 signal (specifically, the time
of appearing in the range 235-244 ms after stimula-
tion), however it affects the amplitude of the P300
signal. Specifically, the amplitude of the signal P300
of matrix 6x6 will be larger than the matrix of 3x3.
This result is similar to some studies that have been
done15,16. In general, the amplitude of the P300 wave
will increase as we increase the stimulus duration in
both types of matrices. This is considered reasonable
when compared to previous research, the longer the
stimulation time, the greater the amplitude of P300 15.

CONCLUSIONS
By understanding how the letter matrix size and inter
stimulus interval have an impact on the quality of the
evoked responses. Our further researches will base on
matrix size 3x3 and ISI 187.5 ms to complete exper-
imental procedure in contronlling external device by
EEG signals.
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Figure 3: ERP signal of 6x6 matrix experiment ploted in multi-channel(125ms)

Table 3: Mean value of p300 signal amplitude (µv) in two channels p7 and p8 of both 3x3 and 6x6matrix
experiments.

Stimulus
Duration

Time of appearance of P300 signal in
channel P7(ms)

Time of appearance of P300 signal in chan-
nel P8(ms)

3x3 6x6 3x3 6x6

125 ms 240.5 241.3 236.5 241.9

187.5 ms 235.8 242.2 238.75 243.8

Table 4: Mean value of time of appearance in two channels p7 and p8 of both 3x3 and 5x6matrix experiments.

Stimulus Duration Amplitude of P300 signal in channel P7
(µV)

Amplitude of P300 signal in channel P8
(µV)

3x3 6x6 3x3 6x6

125 ms 3.71 6.23 3.98 5.99

187.5 ms 6.98 9.47 6.93 10.55
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Figure 4: ERP signal of 6x6 matrix experiment ploted in multi-channel(187.5ms)
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Figure 5: Average amplitudes of two channels P7 and P8 for ten volunteers of matrix 3x3.

Figure 6: Average time of two channels P7 and P8 for ten volunteers of matrix 3x3.
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Figure 7: Average amplitudes of two channels P7 and P8 for ten volunteers of matrix 6x6.

Figure 8: Average time of two channels P7 and P8 for ten volunteers of matrix 6x6.

SI139



Science & Technology Development Journal – Engineering and Technology, 3(SI):SI131-SI140

neering 11, 110-113, 2003. . IEEE Transactions on Neural Sys-
tems and Rehabilitation E;PMID: 12899248. Available from:
https://doi.org/10.1109/TNSRE.2003.814448.

10. Butterworth S. Theory of filter amplifiers. Experimental wire-
less & the wireless engineer. 1930;7:536–541.

11. Colwell KA. Channel SelectionMethods for the P300 Speller. J
NeurosciMethods. 2014;232:6–15. PMID: 24797224. Available
from: https://doi.org/10.1016/j.jneumeth.2014.04.009.

12. Pontifex MB. Age, physical fitness, and attention: P3a
and P3b. Psychophysiology. 2009;46(2):379–387. PMID:
19170947. Available from: https://doi.org/10.1111/j.1469-
8986.2008.00782.x.

13. Escolano C, Antelis J, Minguez J. Human Brain-Tekeioerated
Robot between Remote Places. IEEE International Conference

on Robotics and Au-tomationp, Kobe, Japan. 2009;p. 4430–
4437. Available from: https://doi.org/10.1109/ROBOT.2009.
5152639.

14. Sellers EW. A P300 event-related potential brain-computer
interface (BCI). Biological psychology. 2006;73(3):242–252.
PMID: 16860920. Available from: https://doi.org/10.1016/j.
biopsycho.2006.04.007.

15. Bishop CM. Pattern Recognition and Machine Learning. New
York: Springer. 2006;.

16. Farwell LA, et al. Talking off the top of your head: to-
ward a mental prosthesis utilizing event-related brain poten-
tials. Electroencephalography and clinical Neurophysiology.
1988;70(6):510–523. Available from: https://doi.org/10.1016/
0013-4694(88)90149-6.

SI140

https://www.ncbi.nlm.nih.gov/pubmed/12899248
https://doi.org/10.1109/TNSRE.2003.814448
https://www.ncbi.nlm.nih.gov/pubmed/24797224
https://doi.org/10.1016/j.jneumeth.2014.04.009
https://www.ncbi.nlm.nih.gov/pubmed/19170947
https://doi.org/10.1111/j.1469-8986.2008.00782.x
https://doi.org/10.1111/j.1469-8986.2008.00782.x
https://doi.org/10.1109/ROBOT.2009.5152639
https://doi.org/10.1109/ROBOT.2009.5152639
https://www.ncbi.nlm.nih.gov/pubmed/16860920
https://doi.org/10.1016/j.biopsycho.2006.04.007
https://doi.org/10.1016/j.biopsycho.2006.04.007
https://doi.org/10.1016/0013-4694(88)90149-6
https://doi.org/10.1016/0013-4694(88)90149-6

	The effects of letter matrix and inter stimulus interval on P300 Event Related Potential
	INTRODUCTION
	METHOD 
	Experimental Procedure and EEG data 
	Data Analysis Method
	Preprocessing
	Obtain P300 signal


	RESULTS
	3x3 speller matrix with 125 ms stimulus duration
	3x3 speller matrix with 187.5 ms stimulus duration
	6x6 speller matrix with 125 ms stimulus duration
	6x6 speller matrix with 187.5 ms stimulus duration

	DISCUSSIONS
	Conclusions
	ACKNOWLEDGEMENT
	LIST OF ABBREVIATIONS
	AUTHOR CONTRIBUTIONS 
	CONFLICT OF INTEREST
	References


